In a more general way, the improvement of the total factor productivity via the international openness results only from the indirect effects related to the transfer of technology.
Both trade and FDI flows are considered as opportunities to boost economic activity. International trade allows the various countries to increase their productivity because it allows them to specialize according to their comparative advantages. FDI flows increase the capital stock and, therefore contribute to productivity improvements because previously unemployed resources are likely to be absorbed within the economic system and existing resources are likely to find a more productive use. FDI also spurs competition and therefore leads to a better resource allocation. Second, recent advances in endogenous growth theory put the stress on the crucial importance of research and development 2 and human capital 3 for growth. According to this view, international trade and FDI flows are considered as vectors allowing the diffusion of technical progress.
A number of empirical studies have confirmed the existence of a positive relationship between growth, or total factor productivity, and the following explanatory variables: R&D, trade openness, human capital and FDI, whether they enter the equation separately or in a combined way. Because they shed light on the F o r P e e r R e v i e w 2 transmission channels, and because they claimed that the benefits from international trade and FDI were universal, most papers from the 90s have fuelled the wave of trade liberalization policies in many developing countries (DC's). As to international trade, Coe and Helpman (1995) show that total factor productivity (hereafter TFP) in a given country depends not only on its domestic R&D stock, but also on the R&D stock of its trade partners 4 . They show that the more open the country, the more important the relative role played by foreign R&D with respect to domestic R&D. Krueger (1997) strongly supports trade liberalization in DC's:
comparing exports growth to GDP growth, she finds that the most open countries are, in the long run, also those who record the most impressive growth performances. As far as FDI is concerned, Finlay (1978) suggests that it boosts technical progress in the host country thanks to a "contagion effect" from more advanced technologies, from better management practices, and so on...in set up firms. Wang (1990) incorporates this idea in a model in which applied knowledge in production is a function of FDI. On the empirical side, a study led by UNCTAD (1992) concludes that FDI has a major role to play as a key engine of growth in DGC's. Blomstrom, Lipsey and Zejan (1992) reach the same conclusion. Besides, the respective performances of FDI and of domestic investment have already been compared in a number of papers. In particular, De Gregorio (1992) studies 12 countries from Latin America and reports that FDI is three times more efficient than domestic investment.
However, another strand of the literature, that takes into account various specificities of DC's, such as the nature of their specialization pattern (Choudhri and Hakura, 2000) or the qualification level of the workforce (Borensztein, De Gregorio and Lee, 2000) , comes to less rosy conclusions regarding the role of trade and foreign capital openness. This is at odds with the vast majority of the studies conducted on developed countries. That strand of the literature, which is recent, emphasizes that the debate about the impact of international trade and FDI's on development, is still not closed.
Can the PM countries enjoy the beneficial effects of openness, and in particular of FDI, which do not seem to show up automatically ? On what conditions could these effects be strengthened ?
Our goal is thus to study how the various theories and induced relationships between international trade, FDI and growth can be applied and specified to the case of PM countries. As far as total factor productivity adequately measures the efficiency of the production process and therefore plays a key role in development, our analysis will focus on TFP. In a first stage, we use a Cobb-Douglas production function to estimate the TFP of seven Mediterranean countries (Algeria, Egypt, Israel, Morocco, Tunisia, Turkey). Next, we investigate into the determinants of these TFP's in the way that was suggested by Coe and Helpman (1995) The present study is organized as follows. In Section 2, we explain the theoretical relationships between FDI and TFP and confront these relationships to the actual situation in PM countries. In Section 3, we present our model and we present our results regarding the impact of FDI and of other explanatory variables on TFP.
Section 4 concludes and presents various policy implications. Choudhri and Hakura (2000) put the stress on the importance of the nature of specialization in DC's: as far as the comparative advantage of DC's probably lies in traditional sectors with low growth perspectives, unregulated international trade might restrict production to such sectors and eventually lead to lower productivity growth 6 . Relying upon the "technological gap" model of Krugman (1990) 7 , they conduct an empirical analysis on 33 DC's and conclude that the stiffening of competition through higher imports promotes growth and global productivity only when this stiffening takes place in medium-growth industries. In traditional industries (characterized by slower growth), as well as in high-tech sectors, a rise in imports has no impact on global productivity growth.
II. THEORETICAL RELATIONSHIPS BETWEEN INTERNATIONAL TRADE, FDI AND DEVELOPMENT, AND COMPARISON WITH THE ACTUAL SITUATION IN DC'S.
A lot is expected regarding the impact of FDI on development in PM countries because, in these countries, international trade failed to initiate a strong and positive comparative advantage dynamics.
There are various ways, either direct or indirect ones, through which FDI may have an impact: F o r P e e r R e v i e w 4 drain effect, i.e. the negative impact stemming from the repatriation of the income generated by the investment. The total effect on a small country's wealth depends upon the relative weights of these two components.
• FDI flows are less volatile than portfolio investments. First, the process leading to an investment decision is rather lengthy as compared to the process giving rise to the purchase of a bond. FDI decisions come after foregoing detailed country and sector analyses, and this to an even larger extent than bank loans. Second, as far as FDI are concerned, the relevant lag between the decision to invest and the actual funds transfers is in months. A single FDI decision can give birth to financial flows spread over several years, if the purchase of capital or the investment in the production process occurs in multiple stages. Third, an FDI is seldom an isolated flow. It is, in general, part of a global investment strategy in a country or in a zone and there are heavy entry or exit costs. These features distinguish FDI flows from portfolio investments, for which transaction costs remain limited. This relative stability of FDI is, as such, beneficial for the development of the host country.
• FDI may have a positive impact on domestic investment They appear as catalysts for technical progress and domestic investments by creating external complementarity effects (Bourgain and Pierreti, 1998). They complement domestic resources and send a trust signal about investment opportunities. However, in this case, the converse effect may arise: a contrario, FDI may produce a crowding out effect. If the foreign investment occurs in a branch in which domestic firms are already active, the crowding out effect may appear for two reasons: on the one hand, harsher competition may discourage more domestic firms from entering the market or drive the less efficient ones out of the market and on the other hand, the interest rate is likely to rise if foreign firms call on to the local capital markets. If FDI occurs in a new activity branch, the only relevant mechanism is the second one, which makes the crowding-out effect less likely.
Many recent studies focus on these negative impacts on domestic investments. According to UNCTAD (1999), the crowding-out effect appears in some countries from Subsaharian Africa and Latin America. and a negative impact in Latin America ("crowding-out effect"). As far as Africa is concerned, the effect is neutral.
• FDI is also expected to trigger growth because it spurs competition. The arrival of new competitors on the market should incite local firms to rationalize and modernize their production structure. As domestic firms increase productivity, foreign multinational corporations (FMC's) invest more and more as to keep up with their technological advantage (Glass and Saggi, 1998) . Nevertheless, from a sector-based point of view, FDI may lead to a decrease in domestic firms' TFP: if foreign companies gain a large share of the domestic market, scale economies will decrease for domestic competitors. In the event that the sector in which competition from these foreign firms takes place is among the most dynamic ones, then even global TFP is likely to decrease. That argument is one point of convergence between this paper and the debate about infant industries' protection.
• The most widely expected impact from FDI upon growth stems from technology transfers. Incoming FDI into the host country has positive impacts since:
o FDI fosters the use of new intermediary goods. Therefore, an increase in the number of available varieties of intermediate goods or a deeper specialization of each one of them will result in an increase in production.
o In the same vein, technical assistance to local suppliers compels these to adapt to foreign standards in terms of quality and of delay.
o FDI also increases the overall knowledge stock of the host country thanks to local staff training and thanks to skill acquisition by the active population.
o FDI permits the adoption of new management and organization paradigms.
o Most generally, tacit knowledge spreads more easily with FDI than with imports.
Technology diffusion through FDI has received comparatively less attention than through international trade. This is due, in particular, to the scarcity of reliable data in that matter. As far as international trade is concerned, researchers have come to a common conclusion regarding the significant role of trade in knowledge spillovers, even though they used disparate methods and even though their quantitative results differ 8 . Regarding FDI, there is no consensus whatsoever, not even at the qualitative level. Hejazi and Safarian (1999) , among others, come to the conclusion that, over the same period, the spillover effects from the six largest developed countries towards smaller countries are rather important. Conversely, Lichtenberg transfers and find that transfer through FDI is a one-way process: a given country increases its productivity if it invests in foreign R&D-intensive countries but if it receives investments from R&D intensive countries.
This result, though in sharp contrast with the vast majority of studies in that field that turn on developed countries, is consistent with the OLI paradigm set out by Dunning (1994) . According to that paradigm, firms prefer to invest abroad, rather than to export, in order to take advantage of their technological lead, and not in order to diffuse that lead abroad. Xu (2000) finds that technology transfers from US multinational corporations has contributed to productivity growth in developed countries but not in less developed economies. Sadik and Bobol (2001) 9 reach similar conclusions. They distinguish between two effects triggered by FDI: on the one hand, it increases the available capital stock in the host country and, on the other hand, it may alter the efficiency of capital through the diffusion of technical progress. On the basis of a sample of six Arab countries, they come to the conclusion that, though FDI indeed contribute to the increase in the capital stock, it does not bring efficiency gains in the use of this capital stock: if there is a significantly positive link between growth and investment for all the countries in the sample, the link between FDI and growth appears significant and negative for three countries in the sample.
Moreover, technology diffusion appears to be limited to limited parts of the economy only. Yu and Demurger (2002) , while studying the Chinese industry, find that the positive impact of FDI on economic growth shows up only in the consumption goods sector, and is invisible in the case of intermediary and equipment goods. The aforementioned literature leads us to question the automatic nature of the beneficial effects from FDI. In the light of this literature, it seems reasonable to assume that TFP in PM countries should benefit more from FDI as foreign firms do not compete "too strongly" with local producers, as the absorption capabilities to FDI-and trade-driven technology transfers are high, and in particular as the labor force is skilled. Do these latter features show up in PM countries?
III. THE DETERMINANTS OF TFP IN MEDITERRANEAN COUNTRIES

III.1. Estimating TFP
TFP is a core concept that lies in the heart of economic growth. Productivity growth is the source of a better life for future generations. Productivity also affects the competitiveness of a country: the more it is productive, the more it will be able to compete in international markets. To measure TFP growth, one divides output growth by a weighted average of growth in production factors utilization. To perform the calculation, it is very common to assume a Cobb-Douglas production function and to set the weight of each factor to its share in total costs. Although this method rests on restrictive assumptions
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, it remains the less biased one.
Therefore, we estimate TFP in the following way: (2000)) ; 0.25 for Turkey (cf. Menegaldo (2001)) and we fix in Jordan at the same level as in Morocco.
Productivity gains are presented in Table 1 , whereas we display the evolution of this variable in graphical form in Figure 1 . 
III.2. Theoretical models of references
Our study builds on two kinds of approaches:
1. On the one hand, the papers by Coe and Helpman (1995) and by Lichtenberg and Van Pottelsberghe (1998) . These papers investigate the link between technology transfers and outward orientation, through international trade for the former and through FDI for the latter.
2. On the other hand, the paper by Borensztein, De Gregorio and Lee (1998) , which focuses on the role of human capital in technology transfers.
These papers rely upon new theoretical models of growth, that are already widely discussed in the literature so that there is no need to discuss them in the present work. Some particularly relevant references are Grossman and Helpman (1991) , Helpman (1992) , Romer (1990) , and Barro and Sala-i-Martin (1995) . Coe and Helpman (1995) have shown that TFP in a given country depends not only on its own capital accumulation through R&D, but also on the R&D stock of its trade partners. If a given country imports all its intermediate goods, the basic relationship between TFP and R&D accumulation that was put forward by 
Where S i f is computed in the two following ways:
They introduce both measures simultaneously in the equation. The first measure is associated to the foreign R&D stock that is embedded into imports, whereas the second one represents the foreign R&D stock that is Nelson and Phelps (1966) or by Benhabib and Spiegel (1994) , the human capital stock provides a bound for the absorption capability in developing countries. Using an illustrative model that is conceptually close of the one derived by Barro and Sala-i-Martin (1995, chap. 6 Y 0 is the initial GDP par capita
A is a set of other variables that are likely to affect economic growth and that are often included as determinants of growth in cross-country studies 18 .
III.3 Applying The Model To Mediterranean Countries
FDI data can be obtained from various sources. Both the World Bank (through its World Development Indicators) and the IMF (through its International Financial Statistics) provide statistics about net and incoming FDI flows. The OECD produces mode detailed data regarding FDI in member countries and even in some DC's. In particular, the source countries are identified, which could allow to weight FDI inflows by the R&D stock in the source country. There are two drawbacks, however. On the one hand, among the southern 
Where i and t are indexes for Mediterranean countries and yearly time periods TFP is total factor productivity FDI is foreign direct investment SR is the foreign capital R&D stock embodied into imports OPEN is the degree of openness, as measured by the classical ratio of total imports and exports to GDP E is the secondary schooling rate i is a country-specific intercept is the error term Data sources, as well as the econometric methodology are described below. Missing values were interpolated assuming the average yearly growth rate between two periods for which data are available is constant. End-of-period missing values were filled in assuming the average yearly growth rate is constant and identical to the one obtained for the 5 last available years.
R&D stocks for OECD countries were computed using the permanent inventory method. The stock at time t is equal to the new expenses made at t, plus the stock in (t-1) from which we have removed the depreciation.
Thus:
The initial stock is computed on the basis of the assumption that the average yearly growth rate of past investments is constant: is the depreciation rate (assumed to be constant over the estimation period)
The depreciation rate is usually estimated between 5% and 15%. We decide to set it at an intermediary level, at 10%.
The 21 OECD countries taken into account are: Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Ireland, Iceland, Italy, Japan, The Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, United Kingdom, and The United States of America.
The weights are computed on the basis of imports into PM countries (indexed by i) originating from each OECD country (indexed by j), the data being provided by the CEPII on its CHELEM data, as:
where both the numerator and the denominator are un current US dollars. 
Both imports and exports are provided by the CHELEM database and all variables are in current dollars.
Educational data, E, correspond to the secondary schooling rate, expressed in percentage. They are provided by WDI 2003. If data were missing between two dates, we assumed that the yearly growth rate was constant between the available dates. In the case of end-of-period (2000) missing data, we supposed a constant rate over the last 10 available years. This is the most relevant indicator for PM with long time series. We introduced alternative human capital measures, such as tertiary schooling rate and the percentage of tertiary students in engineering or scientific subjects ; these variables appeared only as weakly significant. The number of students in secondary school yields results that similar to those obtained with the secondary schooling rate. Other indicators, such as the number of scientists or engineers in R&D activities are very poorly measured in PM countries and thus cannot be used.
Since data about the source country in FDI are unavailable for most PM countries, we cannot compute the R&D stock embodied into FDI. Foreign R&D stocks are computed, for each Mediterranean country, as the imports-weighted sums of R&D stocks within the 21 OECD countries. The weighting scheme is the same as the one used by Lichtenberg and Van Pottelsberghe de la Potterie, which we have presented supra.
Like Coe and Helpman (1995) , Van Pottelsberghe (1998), or Kao, Chiang and Chen (1999) , we seek for a cointegration relationship between our variables. Our empirical analysis occurs in 3 stages.
First, we test for unit roots using the panel unit roots tests designed by Im, Pesaran and Shin (2003) . Our results are presented in tables 2 and 3 and show that all variables are non-stationary and integrated of order 1.
Next, we look for cointegration relationships. To do this, we implement the panel cointegration tests from Pedroni (1999) . Finally, since data do not reject the null of cointegration, we estimate the long-run coefficients for equations (1) to (3). Table 4 presents our estimations, which we performed using the FM-OLS program from Pedroni (2000) . In fact, the FM-OLS (Fully Modified OLS) estimator by Phillips and Hansen (1990) allows to correct possible biases that may arise in the estimation of a long-run relationship due to the endogenous nature of the regressors. Pedroni (2000) proposes a modified version of the traditional FM-OLS estimator that is adapted to cointegrated panel data sets by allowing heterogeneity regarding short-term dynamics and fixed effects. He reports good performances for his "group means FM-OLS" estimator, even in (3) shows the unavoidable complementarity of both variables in the acquisition of productivity gains. This interaction term allows, moreover, to distinguish two different effects: while the coefficient on FDI is significant and negative, the coefficient on the interaction variable is also significant, but positive. Which means that technology transfers do have on impact on TFP in PM countries, and that this impact is positive only if the labor force is sufficiently skilled. On the other hand, other mechanisms, and in particular competition effects, may lead to a drop in investment and in output in dynamic sectors ( cf. Section II ), thereby causing a drop in global TFP in the host country.
Point estimates for the coefficients in regression (3) indicate FDI will have positive impacts for all countries displaying a secondary schooling rate above 55% 20 , since the former effect dominates the latter. All countries within our sample, at the exception of Morocco, are above that threshold in 2000
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. This is even true since the beginning of the period for Israel, since the mid-80s for Egypt and Algeria, and since the mid-90s for Tunisia, Turkey and Jordan 22 . For instance, in an economy with secondary schooling rate around 80%, a 1% increase in the FDI/GDP ratio boosts TFP by 1.1%.
The analysis of trade flows leads to similar conclusions. In equation (1), trade in manufactures has a positive impact on TFP, as suggested by the theoretical literature. However, when we include R&D embodied in imports in equations (2) and (3), we are able to distinguish across two trade-related effects : on the one hand, openness has a negative impact on TFP, whereas on the other hand, technology transfers, that are spread through imports, have a clearly positive indirect impact. A plausible explanation for the negative impact of international trade can base on the nature of trade and of specialization. Importing some goods can prove harmful for the competitiveness of domestic firms. Competition from foreign products prevents the domestic production of technological goods, such as equipment goods, from expanding. Consequently, resources tend to reallocate towards low-tech, slowly growing industries and towards services, which tends to deteriorate overall productivity.
Clearly, according to equations (2) and (3), the R&D from OECD countries that is embedded into imports has a positive impact on TFP. Our conclusions on this point are similar to those reached by Coe and Helpman (1995) , Coe, Helpman and Hoffmaister (1997) , or Lichtenberg and Van Pottelsberghe (1998) on the basis of different country samples. Regarding our sample, we find that a 1% increase in imported R&D expense (2)) or a 0.15% (equation (3)) increase in TFP.
Lastly, in equations (1) to (3), the coefficient associated to human capital appears significant and positive, which confirms results from endogenous growth theory. It is possible to criticize the secondary schooling rate as indicator of human capital, because providing education to people does not imply that they will enter the active population, or that their skills will be adapted to the needs of the economy. Nevertheless, this secondary schooling rate provides a measure of the effort made by a nation to improve its human capital stock. This effort was considerable in the case of PM countries. Another argument that pleads in favor of the use of a metrics based on secondary schooling runs as follows: secondary schooling brings general basic skills that allow people to adapt to the needs of the firms. In equation (3) an increase in schooling by one percentage point increases TFP in PM countries by some 0.2%.
In the end, our results indicate that, for the time being and for our country sample as a whole, the positive impact of technology transfers more than compensate the negative effects of trade openness.
IV. CONCLUSION
Most of the time, international trade seems to strengthen inter-industry trade and therefore does not seem able to trigger a development dynamics in Mediterranean countries. More generally, improvements in total factor productivity though openness, either to trade or to FDI, result most of the time from the indirect effects, which stem from technology transfers.
It is possible to design fiscal policy measures intended to increase the global attraction potential for FDI.
However, as the present paper shows, one should take into account the fact that such measures are costly and that they may divert public resources for projects that do not generate enough positive externalities as to justify their implementation. It seems preferable to resort to a more targeted strategy, geared towards industries that are likely to generate positive externalities and to foster technology transfers.
In that view, multinational corporations could contribute to technology transfers by adopting long-run strategies, by seeking the exploitation of dynamic comparative advantages through integration within activities with higher value added, by the introduction of new production methods that would be more efficient and more knowledge-intensive. In the same time, exports-oriented multinational corporations could expand progressively their ties with local suppliers in Mediterranean countries, thereby improving their integration into Mediterranean economies. This process of integration should benefit both sides since exports would become long-lasting and local firms would become more productive. The remaining task for local Moreover, more efforts should be made regarding the qualification of the workforce since absorption capabilities are a prerequisite to the acquisition of new technologies. These efforts should, from now on, bear more on the qualitative side than on the quantitative side. For local governments, the goal is to set their educational priorities according to industrial needs and to available resources. For their European partners, the goal is to reach a deeper level of cooperation, especially in the education field.
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3 Lucas (1988) , among others, builds a model that clarifies the role of human capital accumulation for growth. 4 Their work can be seen as an extension of the research carried by Griliches (1988) and Coe and Helpman (1993) on the positive impact of domestic R&D accumulation on productivity.
5 The first indicator is a variable that captures interventions by the World Bank. The second one is inspired by Dean et. al. (1994) and takes into account 4 elements: tariffs, quotas, exports subsidies and impediments, and exchange-rate misalignments. The third indicator is the one derived by Sachs and Warner (1995) , that takes five criteria into account: the scope of tariff-free products, the average tariff rate, the black market premium, the tact that the economy is socialist-ruled or not and the existence of a State monopoly on main exports. The conclusions of this paper remain unchanged whatever the indicator in use.
6 Endogenous growth theory considers this possibility. Grossman and Helpman (1991, chap. 18 and 19) set out several cases where free trade leads to lower productivity growth in technologically backward countries.
7 There are three sectors, and each of them has its own constant rate of technical progress (one sector has slow technical progress, another one has medium technical progress and the third one has fast technical progress).
Least developed countries have access to the best technologies, but with a longer time lag. They have, therefore, a comparative disadvantage in those sectors where productivity growth is the strongest. The idea according to which international trade facilitates technological transfers is incorporated through the assumption that the technological gap of a given country in a given sector is inversely related to the openness rate in that sector. Long-run overall TFP growth rate is the production-weighted average of sector growth rates.
8 For example, Coe and Helpman (1995) find that investment in R&D from OECD countries creates some 30% additional income for other OECD countries (which is well above the income impact of domestic R&D investment), through an increase in their TFP. According to Bernstein and Mohnen (1998) , R&D spillovers from the USA towards Japan is well above those from Japan towards the USA.
9 Their study covers Oman, Morocco, Seoudi Arabia, Jordan, Tunisia and Egypt over the period 1978-1998. It worth mentioning, though it is often the case, that the explanatory power of their equations is rather weak.
10 They find that a positive impact of FDI on growth only appears when the capital stock is above 0.52 years 12 First, constant returns to scale are assumed, so that one attributes to TFP what should perhaps be attributed to externalities. However, choosing a production function that displays increasing or decreasing returns to scale requires to give a correct value to the parameter driving returns to scale, which seems no less restrictive.
Second, capital stock estimates are even less reliable for DC's that they are for developed countries. Finally, in connection with the previous argument, TFP measures are highly sensitive to the share of each factor in value added. Therefore, we relied on previous work about PM countries to get an estimate of labor and capital share.
13 Senhadji (2000) weights labor by human capital in order to get his labor share. He then obtains weaker coefficients. However, quality-adjusted labor series à la Senhadji are only available for the period and are very tricky to construct. Therefore, we prefer to work directly on the basis of employment.
Qualification will be incorporated later in our regressions on TFP determinants.
14 In particular, the aforementioned papers, which make use of data sources partly different from ours.
15 Average yearly growth rates, which are close from the average of yearly growth rates, amount to 0.46% for Morocco and 0.36% for Israel.
16 Keller (1998) also strongly criticized the measure put forward by Coe and Helpman: using random weights for trade partners, he obtains more foreign technology diffusion effects and a better fit in terms of R 2 .
17 The authors obtained similar results when they replaced gross fixed capital formation of country j by its GDP.
18 These variables are government consumption, the black market premium, a measure of political instability, a measure of political freedom, a proxy for development level of the financial system, the inflation rate, and a measure of the quality of institutions. 19 The number of data available for Mediterranean countries is, anyway, very low. This makes the construction of domestic R&D stocks series particularly tricky and difficult. 20 In the building of the interaction variable FDI x E, the schooling rate is not expressed as a percentage, in order to get a coefficient whose order of magnitude can be compared to the coefficient on FDI.
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